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Introduction 

Earth has been used for building 
for thousands of years throughout 
the world spanning a diverse 
range of climates and cultures. 
Earth itself is a multi-component 
system usually consisting of 
stones, sand, silt, clay, water and, 
near the ground surface, organic 
humus. Structural stability of earth 
buildings is maintained by the 
structural integrity of the sand and 
stone framework, by the pore 
filling capacity of the silt and most 
importantly, by the binding 
qualities of the clay, which are in 
turn influenced by the moisture 
content of the soil. 




Figure 1 : House with stabilised soil render in Atlas 
Mountains, Morocco. 
Photo credit: CRATerre/EAG 



Compared with some building 
materials earth can be considered 
to have some disadvantages - it 

has relatively low compressive strength, tensile strength and abrasion resistance. It may 
also lose a lot of its rigidity in the presence of water. Nevertheless it is very cheap, very 
widely available, environmentally friendly, strongly linked to local cultures and traditions and, 
with skilful construction, can contribute significantly to the aesthetic appeal and user comfort 
of buildings. 

Good quality durable earth buildings can be built provided certain precautions are taken. 
These precautions will depend on local conditions and structural requirements, but can 
broadly be classified into four categories: 

Soil selection 

Different soils can have very different characteristics. The quality of a soil for building is 
strongly dependent on grain size distribution and the exclusion of humus. 

Soil preparation and construction methods 

Builders should be familiar with soil pulverising, proportioning, mixing, maturing and curing 
as well as masonry techniques. 

Building design 

The design should take account of the properties of the raw material by appropriate load 
distribution and structural dimensions, and by incorporating protective elements against 
damp, rain, impact and abrasion. Protection could be achieved by adding more durable but 
complimentary materials at places such as the wall base, roof overhang and the copings, 
and by using plasters and renders. 



Improving the raw material quality 

Different treatments or additives, collectively known as stabilisation, can modify the 
properties of soils to control their shrinkage and swelling characteristics and so improve the 
binding ability of the clay in the soil. These stabilisation methods are described in this leaflet. 
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Compaction 

Compaction increases the soil density and hence its strength and resistance to mechanical 
damage. It also reduces its water absorption, although at the expense of reducing porosity, 
so possibly reducing durability. 
Compaction is done in a mould or form: 

• statically (i.e. in a single pressing), with cylindrical rollers, wheeled rollers or presses; 

• dynamically (i.e. repeated), with tampers or rammers, vibrating rammers or pick 
hammers; 

• surface, with a beater - mainly for floors or roofs, although sometimes used on rammed 
earth walls before they dry. 

Effectiveness of compaction depends on applied pressure or energy, soil type and water 
content. 

Mineral additives 

The first material to be added to a soil, if it has too much clay, is sand and gravel to obtain a 
more uniform grainsize distribution. This reduces the shrinkage and swelling characteristics 
as well as giving a better pore size distribution and higher density, with improved cohesion 
between particles of the soil. Adding an optimum quantity of sand and gravel to a soil often 
reduces the amount of other, more expensive, additives needed for effective stabilisation. 
Care, however, needs to be taken when mixing sand and gravel with clayey soil because of 
the presence of clay lumps. Therefore, if the mixing is carried out in a dry, humid or plastic 
state, the soil first needs to be pulverised to break up any lumps. The alternative is to mix 
the soil in a liquid (fluid) state. 

Pozzolanas, such as certain types of volcanic ash, are another mineral additive which will 
improve the properties of soils containing more than the optimum proportion of clay. 

Ashes 

Ashes often contain calcium carbonate and may have stabilising properties. The ashes that 
can be used would have been produced from burning coal or coke and not woody plant 
materials as the ash from the latter would contain too much carbon. However the ashes from 
certain plant residues such as rice husks of which the silica contents are high can be used. 
Ash is normally added in proportions of between 5 and 10% often achieving improvements in 
dry compressive strength, but having less effect on water resistance, although it can also 
reduce shrinkage and swelling. Ashes can be somewhat pozzolanic, so when combined 
with lime, additional improvements are possible. Ash, when added to soils, has also been 
known to act as a termite repellent. 

Synthetic additives 
Portland cement 

The reaction between clay and cement is thought to be a three-phase mechanism, hence 
there is both a long-term and a short-term effect. Cement also bonds with the sandy skeleton 
of the soil in the conventional way. The cement does not bond with all of the soil particles, 
but helps to form a stable matrix throughout. 

The effect of adding cement is to improve the dry compressive strength and, particularly, the 
wet compressive strength. Resistance to erosion, rain and abrasion is much improved. To 
achieve good results it is important that the cement is well-mixed with the soil and that the 
product is cured properly. 

Ordinary Portland cement is normally preferred, but Portland-pozzolana cement could also 
be used. Some soils require only a 3% addition of cement, but more usually 5 to 8% cement 
is added - the higher the shrinkage of the soil the higher the proportion of cement. 

Hydraulic lime 

This produces similar effects to Portland cement, but of lesser magnitude. Natural hydraulic 
lime does not dilute the natural colour of clays. 
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Hydrated lime 

Principally two effects operate in the reaction between clay and hydraulic lime; a short-term 
flocculation effect, making the clay more cohesive and a longer-term effect which is a 
combination of the pozzolanic reaction between lime and clay and a reaction between lime 
and carbon dioxide in the air. Stabilisation is particularly effective with soils containing 
kaolinitic clay. Significant increases in compressive strength are then possible. 
Quicklime addition can also be used if the soil is wet as this will help to dry it and break up 
lumps of clay. 

Lime should be added to a soil at least 2, but preferably 8 to 16, hours before use to allow 
short-term stabilisation to take place making the soil easier to work and compact. 
Lime is suited to soils with a relatively high proportion of clay and is added in proportions of 3 
to 10% but usually at the upper end of this range. Local artisanal lime can be used but might 
not be as effective as industrial lime. In addition, a small quantity of Portland cement can be 
added to give additional stabilisation and reduce hardening time. Lime-pozzolana cement 
can also be used and the degree of stabilisation is likely to be similar to using hydraulic lime. 
Excellent results have been obtained with high lime contents (one part lime to three or four 
parts soil) for thin (approximately 5mm) finishing coats applied on mud plasters and floated 
smooth. 

Gypsum 

This is not a common additive to soils. It is not moisture resistant, therefore not suited to 
exposed wet conditions. Usually it is added in proportions of between 10 and 20% to sandy 
soils. Because it sets quickly it is best used by mixing small batches of soil and binder. 

Soap 

Soap is used to waterproof soil because it reduces its sensitivity to water by about 25%. It 
can either be mixed with the soil or applied as a surface finish. It is generally applied in very 
small quantities (0.1 or 0.2%) and because it is washed out by water, it needs periodic re- 
application if used as a surface finish. 

Bitumen 

Bitumen is added in the form of an emulsion that is in suspension in water or another liquid 
medium. On drying the bitumen forms a thin film which coats the soil particles. The main 
effect of adding bitumen is to improve cohesion and water resistance. However, if it is added 
in excess the compressive strength can be reduced. 

Normally the quantity of bitumen to be added (excluding the solvent or water) is 2 to 3% for a 
cutback (solvent-based), or in the following proportions for an emulsion: 

4 to 6% for a soil with a high sand content; 

7 to 12% for low sand content soils; 
- 1 3 to 20% for clayey soils. 
The bitumen needs to be mixed with a small quantity of soil before mixing it with the 
remainder; the mixing needs not to be excessive to avoid breaking down the emulsion and 
making stabilization less effective. 

Specialised commercial products 

Specially formulated chemicals have been developed for soil stabilisation, generally for road 
construction applications. The exact formulations for some are commercial secrets. The 
quantities required are low, 0.1 to 1%, and best results are achieved with mechanised rather 
than manual mixing. The best known are silicates - sodium silicates, soluble in water, ethyl 
silicate, potassium and calcium silicate. 

The need for additives 

It should be noted that there is not always a need to add stabilisers. Soil properties will 
dictate need and there are many examples across the world of the effective use of 
unstabilised soil. Stabilisers also add significantly to cost. 

If a stabiliser is deemed necessary the choice of which one to use will depend on a number 
of factors including: 
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• the part of the building on which the soil is used and its exposure to the elements 

• the property of the soil which needs improving; e.g. dry strength, wet strength, water 
erosion, abrasion resistance, surface protection, etc. 

• the level of improvement required 

• the quantity of stabiliser required 

• the cost and availability of the stabiliser 

• whether production of the stabiliser is carried out locally or whether it needs to be 
imported. 

The precise quantities of additives often need to be determined empirically by trial and error 
for each particular situation. The results of laboratory tests often cannot be transferred 
directly to field practice, although they do provide useful guidance and a starting point for 
field tests. In the field, relatively simple and inexpensive tests such as observation of block 
durability on soaking in water and the use of a simple press to assess the load a block can 
carry in flexure can provide information on stabiliser requirements. As preparation of soil 
mixes and their use for building is often carried out under less rigorous conditions than for 
testing a reasonable increase in stabiliser dosage to compensate for this is recommended. 

References and further reading 

• Clay as a Binder: An Introduction Practical Action Technical Brief 
http://practicalaction.org/practicalanswers/product info.php?cPath=27 66&products id=232 

• Mud as a Mortar Practical Action Technical Brief 
http://practicalaction.org/practicalanswers/product info.php?cPath=27 67&products id=209 

• Mud Plasters and Renders Practical Action Technical Brief 
http://practicalaction.org/practicalanswers/product info.php?cPath=27 67&products id=146 

• How to Make Stabilised Soil Blocks, Technical Brief by Practical Action Southern 
Africa 

http://practicalaction.org/practicalanswers/product info.php?cPath=27 67&products id=221 

• Additives to Clay: Organic Additives Derived from Natural Sources Practical Action 
Technical Brief 

• Earth Construction:, A comprehensive guide, CRATerre, ITDG Publishing, 1994 
Order online from Development Bookshop 

http://developmentbookshop.com/product info.php?cPath=8&products id=38 

• Building with Earth CRATerre, Mud Village Society, Delhi, India, 1990 
http://terre.grenoble.archi.fr/documentation/downloads/BuildingWithEarth web2.pdf 

• Building with Earth: A handbook, Second Edition, John Norton, ITDG Publishing, 
1997 

Order online from Development Bookshop 

http://developmentbookshop.com/product info.php?cPath=8&products id=322 

• Soil Preparation Equipment (product information), by Kiran Mukerji et al, GATE/GTZ, 
Eschborn, Germany, 1991 

• Earth building materials and techniques, Select bibliography, CRATerre, GATE/GTZ, 
1991 

• The Basics of Compressed Earth Blocks, CRATerre, GTZ, 1 991 
http://terre.qrenoble.archi.fr/documentation/downloads/Basics of CEB.pdf 

• Appropriate Building Materials, A Catalogue of Potential Solutions, R. Stulz, K. 
Mukerji, ITDG Publishing/SKAT, 1993 

Order online from Development Bookshop 

http://developmentbookshop.com/product info.php?cPath=8&products id=33 

• Stabilsers and Mortars (for stabilised soil blocks) product information, by Kiran 
Mukerji, CRATerre, GATE/GTZ, 1994 

• Compressed Earth Blocks: Vol. 1, Manual of Production, Vince Rigassi, CRATerre- 
EAG, GATE/GTZ, 1985 

Available online at http://www.basin.info/publications/books/CEBVol1.pdf 

• Stabilization of Clay Soils by Portland Cement or Lime - A Critical Review of 
Literature, S. Bhattacharja, J.I. Bhatty & H.A. Todres, Portland Cement Association, 
Research & Development Information, Serial No. 2066, 2003, 
http://www.portcement.org/pdf files/SN2066.pdf 

• Compressed Stabilised Earth Block Manufacture in Sudan, by E A Adam & A R A 
Agib, UNESCO, Paris, July 1 991 

http://unesdoc.unesco.org/imaqes/0012/001282/128236e.pdf 



4 



Additives to clay - mineral & synthetic 



Practical Action 



• Quantitative Criteria for the Selection and Stabilisation of Soils for Rammed Earth 
Wall Construction, by Van Stephan Burroughs, University of New South Wales, 
Australia, 2001 

http://www.librarv.unsw.edu.au/~thesis/adt-NUN/uploads/approved/adt- 
NUN2001 1 21 8.1 2461 0/public/02whole.pdf 

(academic study; informative but probably more detailed in parts than most 
practitioners would require) 

These publications can also be ordered from: 
Practical Action Publishing 

The Schumacher Centre for Technology & Development 

Bourton-on-Dunsmore 

Rugby 

Warwickshire, CV23 9QZ 

United Kingdom 

Tel +44 (0)1926 634501 

Fax +44 (0)1926 634502 

publishinqinfo@practicalaction.orq.uk 



Useful contacts 

CRATerre 

Maison Levrat (Pare Fallavier) 

B. P. 53, F-38092 Villefontaine -CEDEX 

France 

Tel: +33 474 954391 

Fax: +33 474 956421 

E-mail: craterre@club-internet.fr 

Website: http://terre.qrenoble.archi.fr/ 

CRATerre is the international centre for earth construction at the school of Architecture in 
Grenoble. CRATerre is a member of basin. 

Auroville Earth Institute 
Auroshilpam, Auroville 605 101, 
T.N. India 

Tel: +91 413 262 3064/262 3330 
Fax: +91 413 262 2886 
E-mail: earthinstitute@auroville.org. in 
Website: http://www.earth-auroville.com/ 

Information on use of lime for soil stabilisation that can be downloaded 
The National Lime Association 
200 North Glebe Road 
Suite 800 

Arlington, Virginia 22203 
USA 

Telephone 703-243-5463 
Fax 703-243-5489 
E-mail natlime@lime.org 

Website: http://www.lime.Org/ENV02/Construction802.htm#SS 

Note that there are numerous commercial suppliers of proprietary formulations for soil 
stabilizers. Details about some suppliers by an Internet search using the search terms 'soil 
stabiliser' and 'soil stabilizer'. Practical Action cannot comment on the effectiveness of 
particular products from the different suppliers. 
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This technical brief was originally prepared for basin, Building Advisory Service and 
Information Network. It was last reviewed and updated by Otto Ruskulis in March 2008. 

Website: http://www.basin.info/ 



basin 



For further information contact: 
Practical Action 

The Schumacher Centre for Technology & Development 

Bourton-on-Dunsmore, Rugby, CV23 9Z, United Kingdom 

1+44(0)1926 634400 

F+44 (0)1926 634401 

E infoserv@practicalaction.orq.uk 

W www . practica I acti o n . o rq 

This Technical Brief is possible thanks to the collaboration of DFID-UK and The Tony Bullard Trust. 
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